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Abstract: Background/Objectives: A heart transplantation (HT) is the definitive treatment
for heart failure. There is a difference in the success between national HT programs in
developed countries and those in Central America, South America, and the Caribbean
(LAC), and social determinants of health (SDHs) can directly influence this. The objectives
of this study were to describe the survival since the beginning of the HT program of a
national pediatric institute in Mexico City and to compare it with the results of a systematic
review of LAC. Methods: A cohort study of a pediatric hospital (which performed 42% of
the pediatric HTs in Mexico) was performed since the beginning of the HTs program in 2001.
Clinical variables related to the transplants were identified, and the SDHs were divided
into three categories: personal, family, and community. A systematic literature review
was performed using keywords and a search in the medical indexes of LAC countries.
The statistical analysis included descriptive statistics and a bivariate survival analysis.
A risk calculation was estimated using the hazard ratio (HR) of the SDHs. Results: A
total of 38 HTs were performed, the median age was 7 (4–16) years, and 22 (58%) were
men. The leading cause was cardiomyopathy in 20 (53%) cases. The first-year survival
rate was 76.3 per 100 HTs. The SDHs that increased the risk of death were suboptimal
immunosuppression, the persistence of malnutrition, parental education, the distance from
the center, the socioeconomic level, and the absence of transitional care. Conclusions:
This cohort of pediatric patients with HTs resulted in the identification of risk variables of
personal and community SDHs for mortality in the first and fifth years. Chronic rejection
occurred in 50%, and the absence of transitional care to adulthood was the variable with
the highest risk. The systematic review identified Mexico as the country with the second-
highest frequency of HTs, and our cohort represented 42% of the total number of transplants
in the country. Numerically, LAC has a lower frequency of transplants and survival in the
first year compared to other developed countries, possibly due to a gap associated with
organizational justice.
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1. Introduction
A heart transplantation (HT) is the final stage of treating heart failure (HF). Since

Dr. Christian Barnard successfully performed it in 1967, there has been exponential and
specialized growth in the surgical, intensive care, and pharmacological treatment areas to
support the function of the transplanted organ. These advancements have also extended to
the pediatric stage, which has apparent differences compared to other life periods, such as
the etiology, access to the organ, and the effects of growth and development on the function
of the transplanted heart [1].

In addition to trained health personnel, an organized national program is needed to
ensure the fair distribution of available organs, the proper selection of the best candidates,
and multidisciplinary support throughout all phases [2,3].

In ideal conditions, the results of heart transplantation during the pediatric stage are
like those seen in adults. The ISHLT (International Society of Heart and Lung Transplanta-
tion) registry, composed of data from 210 centers, reported that, from 1992 to 2018, 13,449
pediatric patients received an HT. According to the annual report, in 2022, 80% of trans-
plants were performed in the United States of America (USA); the total population included
2109 children, with a first-year survival rate of 73%. Less than 10% were in emergency
conditions due to ventricular support or ECMO (extracorporeal membrane oxygenation),
0.3% were retransplants, and acute rejection occurred in 3% [4].

Transplant programs indirectly reflect the situation in their countries, given their close
relationship with the healthcare system, the necessary economic investment, and the social
and cultural conditions involved across all areas. For this reason, transplant programs
are not a priority in countries with emerging economies compared to other more pressing
issues. The American continent, excluding the USA and Canada, has decades of lag in the
total numbers and success rates of pediatric HTs [5].

Social determinants of health (SDHs) encompass a range of variables that center the
individual and analyze how different social conditions influence their context, either rein-
forcing or exposing them to vulnerability [6]. Thus, the outcomes of a disease, despite being
treated under ideal conditions, can vary drastically because of an adverse context [7,8].

Among Central American, South American, and Caribbean (LAC) countries, Mexico
represents the fourteenth-largest economy in the world. It has a consolidated HT program
(CENATRA, which stands for Centro Nacional de Trasplantes), which, since its inception
in 2001, has managed to perform transplants in just over fifty children, of which 47% were
performed at a pediatric hospital in Mexico City, making its results a helpful comparison
for the reality of Mexico [9,10]. This article had two main objectives: (a) to describe the
survival of pediatric patients who received an HT at a national institute in Mexico and
associate the effect of SDHs with mortality in the first and fifth years, and (b) to perform a
systematic review of the literature on the status of HTs in LAC.

2. Materials and Methods
To address the aims, a preliminary phase involved a cohort study of patients under

18 years old who underwent heart transplants at a pediatric national health institute in
Mexico City, starting from their entry into the national transplant program (2001) until
December 2023. This study was conducted according to the guidelines of the Declaration
of Helsinki and approved by the Institutional Review Board and Ethics Committee of
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the Federico Gómez Children’s Hospital of Mexico (protocol code HIM-2022-042, date
of approval: 29 November 2022). The data were obtained from medical records and
information from institutional databases, which were anonymized during the analysis. This
retrospective work is classified as “risk-free research”, so it does not require an informed
consent letter, only a process to ensure that the research subjects are not identified during
the data analysis and publication.

The selection of subjects included all the patients transplanted since the program’s
start, with annual follow-ups until they turned 18. Patients who were transplanted at
another hospital or were lost to follow-up for more than a year were excluded. The
index date of the cohort was defined as the hospital discharge after the transplant or the
achievement of 30 days of survival. The primary outcome variable was survival in the first,
fifth, and tenth years. Follow-up was ensured through physical and electronic records and
social work follow-up calls.

As a reference, we took the Dahlgren–Whitehead model in the operational framework
for monitoring social determinants of health equity [11]. For the first sphere of the general
characteristics, we included clinical variables such as the sex, age in months, and under-
lying condition, categorized in two ways: (1) cardiomyopathies, including the dilated,
hypertrophic, asymmetric septal, and constrictive types, and (2) advanced congenital heart
diseases (CHDs) with heart failure. The blood type and anthropometric measures (weight
in kilograms, height in centimeters, body surface area, and body mass index) were also
noted. Information about cold ischemia times, extracorporeal circulation, aortic clamping,
the electrical rhythm at discharge, the number of days in intensive care, and the length
of the hospital stay was obtained from the official CENATRA registry. The risk factors
considered were divided into the following areas.

The second sphere of the Dahlgren–Whitehead model refers to the individual life factor.
We included the waiting time between acceptance into the transplant program and the heart
transplant, which was in months. The urgency of the transplant was considered if bridge
therapy (ECMO or ventricular support) occurred. The time when the transplant period
occurred (2001–2005, 2006–2010, 2011–2015, or 2016–2023) was also included. Inadequate
adherence to immunosuppressive medication or pharmacological treatment was noted
when mentioned in the records by any of the involved treatment services. Rejection events
were documented with histopathological studies. The biopsy results defined the rejection
variable according to the ISHLT severity scale for acute cellular rejection [12], as per our
institutional protocol; heart transplant recipients undergo endomyocardial biopsies at
specific time points: during the first week, first month, second month, sixth month, and first
year post-transplant. For this study, we reported the findings of the last biopsy performed
during the follow-up period. The nutritional status was determined by the body mass
index (BMI) and considered altered when the following conditions were met: less than
two Z-score deviations on the World Health Organization (WHO) growth curves one year
post-transplant, and weight gain of less than one Z-score deviation compared to the pre-
transplant status at one year. The presence of anxiety or depression was recorded by mental
health departments, along with the return to school or regular activities [13].

For the social and community determinants, we included the lack of transitional care in
adulthood, defined as the absence of attention in hospital settings with adult HT programs,
as a risk factor. This also includes limited access to social security or health insurance upon
reaching adulthood.

For the sphere of living and working conditions, we included family risk determinants,
such as the distance between home and the hospital (categorized as <20 km, 21–100 km,
101–300 km, or 300 km); the education level of the primary caregiver (elementary, middle,
high school, technical, or college), and the socioeconomic status, classified according to the
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INEGI (National Institute of Statistics and Geography) based on monthly income (converted
to USA dollars as follows: A, over USD 5500; B, <USD 1666; C, <USD 2700; D, between
USD 250 and 1500; and E, less than USD 500). Informal employment was identified as trade
or inconsistent income from resources [14].

The second aim was addressed through a systematic literature review to understand
heart transplant survival in the pediatric population of LAC, based on PRISMA 2020
statements [15]. Articles (in English, Spanish, and Portuguese) and abstracts that met our
PIO format criteria were included.

a. Population (P): pediatric patients aged 0 to 18 years with end-stage heart failure or
congenital defects.

b. Intervention (I): heart transplant.
c. Outcome (O): death during the postoperative period.

The inclusion criteria included the following: Observational articles (longitudinal,
case-control, and prospective and retrospective cohort) were selected that featured pediatric
patients who underwent heart transplants in Latin America or the Caribbean and reported
the number of heart transplants, the etiology, the survival, and the cause of death, in
Figure S1: are the complete search strategies. Care was taken to select articles that met the
established standards outlined in the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement [16].

Publications by the same author at the same hospital were included if they did not fall
within the same evaluation period. The exclusion criteria were reports involving patients
aged 18 and older who underwent heart transplants and articles that did not report on
patient survival. If the articles met the selection criteria, but the data were insufficient
for the analysis, the corresponding authors were emailed to request clarification. If they
provided the information, it was included in the review.

The sources of information used were PUBMED, the TRIP database, the International
Clinical Trials Registry Platform (WHO), The Cochrane Library, Wiley, LILACS, SciELO, and
Google Scholar. Systematic reviews related to the objectives were also searched (snowball
method). Searches were conducted using the reference lists of the full-text articles to
identify additional relevant studies; the search period was extended to 1 December 2024.
For reviewing the information, four researchers independently reviewed all the references
identified through the literature search using a predefined protocol. Articles that did
not meet the inclusion criteria were excluded during the title and abstract analysis. The
remaining articles were selected for a full-text review. The full text was always obtained
whenever there was limited information in the abstract. All the researchers performed a
quality assessment on the articles included. Disagreements regarding the selection and
quality evaluation of the articles were resolved through group discussions, achieving a
total consensus at each review stage.

The four researchers independently extracted data from the selected studies using a
standardized electronic form in Excel. They collected the following information: author,
year of publication, country, study design, total number of pediatric heart transplant
patients, etiology, and early and late deaths.

They assessed the risk of bias in individual studies, the publication bias, and the
certainty of the evidence. To reduce bias, each article was reviewed by at least two authors.

Statistical Analysis

Descriptive statistics were conducted. Qualitative variables were expressed in absolute
numbers and percentages, while quantitative variables did not show a parametric distribu-
tion, so they were represented by medians and interquartile ranges (25th–75th percentiles).
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In inferential statistics, comparison groups were created for the following periods:
2001–2005, 2006–2010, 2011–2015, and 2016–2022. Statistical differences were estimated
using the Wilcoxon rank test.

The risk calculation between the variables that assessed SDHs and the mortality at 1
and 5 years post-HT was performed using a hazard ratio (HR) adjusted for the etiology of
heart failure, sex, and age. Using a forward conditional approach, a Cox regression analysis
was conducted following the specified criteria, including an initial inclusion threshold of a
p-value < 0.1, clinical relevance, and prior literature evidence. Variance inflation factors
(VIFs) were used to assess the collinearity, and highly correlated variables were removed or
combined to improve the model stability and interpretability. The final model included
adherence to immunosuppressive therapy, optimal heart failure management, persistent
malnutrition at one year, depression, return to school, distance to the transplant center,
caregiver education, socioeconomic status (INEGI classification), and informal employment.
However, due to the sample size, the number of variables, and collinearity issues, it was
impossible to complete the Cox regression analysis. Therefore, only unadjusted hazard
ratios (HRs) are reported.

For this reason, multiple Cox regression models were calculated to calculate the HR
value of each of the variables separately, adjusting for the etiology of heart failure, sex, and
age at transplantation for death in the first and fifth years.

The program used was SPSS, version 29, for IBM on Mac.

3. Results
Since the HT program started in 2001 at the institution where the study was conducted,

123 patients were enrolled, and 38 transplants were performed. The median age was seven
years (4 to 16), and 22 (58%) were male. Cardiomyopathies were the leading cause of heart
failure in 20 (53%) cases. Among these, 14 cases (70%) were due to dilated cardiomyopathy
secondary to myocarditis, 5 cases (25%) were due to hypertrophic cardiomyopathy, and
1 case (5%) was due to restrictive cardiomyopathy. The one-year mortality rate was 21 out
of every 100 transplants, with the leading causes being (n = 9) heart failure in five (55.5%)
patients and septic shock in one (11.1%). Among these patients, four (44%) experienced
acute rejection (Table 1). Of the total cohort, 19 (50%) presented with transplant rejection,
of which 10 (52.6%) were grade IR, 7 (36.8%) were grade 2R, and 2 (10.5%) were grade 3R.

Table 1. General characteristics of the cohort of pediatric heart transplant patients.

Gender n %
Men 22 58%

Women 16 42%
Pediatric Stage

Toddler 6 16%
Preschool 9 24%

Grade-schooler 12 32%
Adolescent 11 28%

Etiology
Congenital heart disease 18 47%

Cardiomyopathies 20 53%
Malnutrition before transplant 34 89.5%

Waiting time for heart transplant (months) 12 6–12
High-urgency waiting status 6 15.8%
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Table 1. Cont.

Blood Group
O 13 34%
A 20 52%
B 5 13%

AB 1 3%
Heart Rate After Transplant

Sinusal 37 97%
Atrioventricular block 1 3%

Cause of Death in the First Year (n = 9)
Heart failure 5 14%
Septic shock 1 3%

Acute rejection 4 11%

Regarding the surgical variables (Table 2), when comparing the survivor group to the
non-survivors after the first year, statistically significant differences were found for the cold
ischemia time in minutes (169 (165–250) vs. 275 (235–315)) and the extracorporeal bypass
time in minutes (148 (125–160) vs. 123 (115–150)).

Table 2. Surgical variables of the cohort of pediatric heart transplant patients.

Total Non-Survivors Survivors
Variables Median p25 p75 Median p25 p75 Median p25 p75

Age at transplant (years) 88 55 122 85 23 131 72 52 123
Cold ischemia (min) ** 260 167 308 275 235 315 169 165 250
Aortic clamping (min) 120 80 170 120 90 170 130 80 176

Extracorporeal bypass (min) 138 115 150 123 115 150 148 125 160
Hospital stay (days) 19 11 30 16 11 23 23 18 56

Survival after heart transplant
rejection (days) 451 44 1979 1979 364 2260 198 33 451

Survival after transplant (years) ** 7 4 12 2 1 5 8 2 16
Mann–Whitney test, ** p-value ≤0.001.

In the analysis of personal SDHs (Table 3), 24 (63.2%) had an optimal adherence to
immunosuppression at discharge and 33 (86.8%) received optimal treatment for heart
failure. In 19 (50%), the transplant was rejected. By the end of the first year, 14 (36.8%)
continued to experience malnutrition, and 25 (65.8%) returned to school.

In terms of family factors, 16 (42.1%) patients lived less than 50 km away from the
hospital; the most common education level of caregivers was higher education in 15 (39.5%)
cases; and in 26 (68.4%) of the cases, the socioeconomic level was classified as level D
according to the INEGI (for its acronym in Spanish: the National Institute of Statistics,
Geography, and Informatics).

Regarding the continuity of healthcare services, 13 (34.2%) received transitional care
to adulthood and 10 (26.3%) had social security.

When adjusting for confounding variables (etiology, sex, age), the factors most associ-
ated with death during the first year were suboptimal immunosuppression, malnutrition
in the first year, and low parental education; at five years, the factors included rejection,
a distance from the center greater than 101 km, suboptimal heart failure medication, the
socioeconomic level, and a lack of transitional care to adulthood (Figure 1).
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Table 3. Social determinants of health in pediatric heart transplant patients, by period.

Total 2001–2005 2006–2010 2011–2015 2016–2022
n = 38 n = 12 n = 6 n = 13 n = 7

n % n % n % n % n %
Personal Social Factors

Sex
Men 22 57.9% 7 58.30% 4 66.70% 6 46.20% 5 66.60%

Women 16 42.1% 5 41.70% 2 33.30% 7 53.80% 2 33.40%
Age at heart transplant (months) 74 42–99 108 83–123 84 52–131 96 90–120

Malnutrition before transplant 34 89.5% 10 83% 6 100% 11 85% 7 100%
Waiting time to transplant (months) 12 13 7–15 12 9–18 10 1–15 15 2–17

High-urgency waiting status 6 15.8% 2 17% 1 17% 2 15% 1 14%
Diagnosis

Congenital heart disease 18 47.4% 6 50% 2 33% 6 46% 4 57%
Myocardiopathies 20 52.6% 6 50% 4 67% 7 54% 3 43%

Discharge treatment
Optimal immunosuppression 24 63.2% 8 67% 4 67% 8 62% 4 57%

Optimal heart failure medication 33 86.8% 10 83% 6 100% 10 77% 7 100%
Persistence of malnutrition at one year 14 36.8% 5 42% 3 50% 4 31% 2 33%

Depression 8 21.1% 1 8% 2 33% 5 39% 0 0%
Back to school 25 65.8% 9 75% 4 67% 10 77% 2 33%

Rejection 19 50.0% 8 62% 3 50% 7 54% 1 17%
Family Social Factors

Distance between home and
transplantation center

<50 km 16 42.1% 6 50% 3 50% 5 38% 2 29%
51–100 km 12 31.6% 3 25% 2 33% 4 31% 3 43%

101–300 km 6 15.8% 2 17% 1 17% 2 15% 1 14%
>300 km 2 5.3% 0 0% 0 0% 1 8% 1 14%

Education of primary caregivers
Elementary school 3 7.9% 1 8% 1 17% 1 8% 0 0%

Middle school 6 15.8% 2 17% 1 17% 2 15% 1 14%
High school 15 39.5% 5 42% 2 33% 5 38% 3 43%

Technical college 7 18.4% 1 8% 2 33% 3 23% 1 14%
College university 7 18.4% 3 25% 0 0% 2 15% 2 29%

Socioeconomic level (INEGI)
A/B level 0 0.0% 0 0% 0 0% 0 0% 0 0%

C level 6 15.8% 2 17% 1 17% 2 15% 1 14%
D level 26 68.4% 7 58% 4 67% 10 77% 5 71%
E level 6 15.8% 3 25% 1 17% 1 8% 1 14%

Informal employment 9 23.7% 3 25% 2 33% 2 15% 2 29%
Community Factors and Access to Health Services

Transitional care to adulthood 13 34.2% 6 50% 4 67% 3 23%
Social security 10 26.3% 5 42% 1 17% 4 31%

Survival
1 year 29 76.3% 9 75% 4 66% 11 85% 5 71%

5 years 18 47.4% 6 50% 2 33% 8 62% 2 29%
10 years 6 15.8% 1 8% 1 17% 4 31% 0 0%

The survival analysis over time showed lower survival rates in the last period (2016–
2022) compared to the previous three (Figure 2A), with half of the deaths occurring within
36 months (30–40 months) (Figure 2B). The one-year survival rate was 29 (76.3 per 100 HTs)
in the first year, 18 (47.3 per 100 HTs) at five years, and 6 (15.7 per 100 HTs) at ten years.
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Figure 1. Social determinants of health that have an impact on the survival at 1 and 5 years of
pediatric patients receiving an HT.

All the patients in the last period (2016–2022) died within 5 years. During the previous
period (2016–2022), most deaths (n = 5) occurred during the first year. From 2016 to 2019,
three patients received a transplant, of which one patient’s death was attributed to a high
surgical complexity (history of Fontan surgery); one was classified as a high priority for
urgency without bridging therapy; and one was attributed to a prolonged cold ischemia
time secondary to distance from the donor.

From 2019 to 2022, the hospital modified the care priority of the intensive care units
to care for the most severe cases of children with SARS-CoV-2 in Mexico City, which led
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to a decrease in the volume of transplants, and the two patients transplanted at this stage
experienced a worsening state of heart failure.
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The review included 25 published articles from LAC [17–40] (Figure 3), with 456
pediatric patients who underwent an HT (Figure 4). The main reason for the transplants
was dilated cardiomyopathy in 58.99% (n = 269). The overall one-year survival rate was
88.75%; it was 66.72% at five years; and 38% were still alive after ten years (Figure 4).

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 10 of 19 
 

 

 

 

 

Figure 4. Systematic review of immediate, one-year, and five-year survival rates after heart trans-
plantation in pediatric patients from Latin American and Caribbean countries. 

4. Discussion 
The results of this study show differences in the survival rate of pediatric patients 

who received an HT compared to the latest ISHLT registry era (2000–2017), with a 14.7% 

n % n % n %

Argentina [18-20] 46 41/46 78.3 16 69.6 - -
Brasil [16-17],[21-31] 199 169/196 86.2 92/148 62.1 76/127 59.80

Chile [32,33] 23 22/23 95.7 22 95.7 19 82.61

Colombia [34-35] 10 8/10 80.0 - - 8 80.00
Mexico [36] 49 21/23 91.3 16/23 69.6 12/23 52.17
Peru [37,39] 7
Uruguay [38] 23 16 69.6 15 65.2 11 47.83

Country Reference n

Table 4: Systematic review of immediate, one-year, and five-year survival rates after heart transplantation in 
pediatric patients from Latin American and Caribbean countries

Immediate survival 1 year 5 year

Figure 3. Prisma diagram of the systematic review.



J. Clin. Med. 2025, 14, 1506 10 of 18

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 10 of 19 
 

 

 

 

 

Figure 4. Systematic review of immediate, one-year, and five-year survival rates after heart trans-
plantation in pediatric patients from Latin American and Caribbean countries. 

4. Discussion 
The results of this study show differences in the survival rate of pediatric patients 

who received an HT compared to the latest ISHLT registry era (2000–2017), with a 14.7% 

n % n % n %

Argentina [18-20] 46 41/46 78.3 16 69.6 - -
Brasil [16-17],[21-31] 199 169/196 86.2 92/148 62.1 76/127 59.80

Chile [32,33] 23 22/23 95.7 22 95.7 19 82.61

Colombia [34-35] 10 8/10 80.0 - - 8 80.00
Mexico [36] 49 21/23 91.3 16/23 69.6 12/23 52.17
Peru [37,39] 7
Uruguay [38] 23 16 69.6 15 65.2 11 47.83

Country Reference n

Table 4: Systematic review of immediate, one-year, and five-year survival rates after heart transplantation in 
pediatric patients from Latin American and Caribbean countries

Immediate survival 1 year 5 year

Figure 4. Systematic review of immediate, one-year, and five-year survival rates after heart transplan-
tation in pediatric patients from Latin American and Caribbean countries.

4. Discussion
The results of this study show differences in the survival rate of pediatric patients

who received an HT compared to the latest ISHLT registry era (2000–2017), with a 14.7%
survival rate in the first year and a 42.6% survival rate at five years [4]. However, based
on the systematic literature review from Latin American and Caribbean countries, Mexico
ranks second in the frequency of HTs in childhood, representing 25% of the first-place
country, Brazil.

This single-center cohort study was conducted at a national health institute in Mexico,
accounting for 42% of the national database for the HT program. The median number
of surgical events performed at this center is ten every five years, which, according to
the systematic review by Pettit et al., classifies it as a low-volume center (fewer than
ten transplants per year) [40]. Other specific situations at the hospital center include the
following: (a) It is part of the Ministry of Health, which limits access to organs at the time
of procurement, as the logistics of the coordination center restrict the distribution among
health systems (for example, social security, state employee security, and private hospitals).
(b) The location in Mexico City may increase the distance and cold ischemia time for the
hospitals that procure the organs. (c) There is limited access for the hospital to offer bridge
therapy. (d) The population served at our institute is the most vulnerable in terms of
socioeconomic issues. These conditions stray away from the ideal reported by Killian [41]
based on the results of the UNOS study (acronym) that identifies the variables associated
with survival as being the donor procurement process and bridge therapy. Di Chiacchio [42]
published a study that evaluated the effect of distance conditions and ischemia times on
the success rate of CT during the immediate postoperative period. In our population,
comparisons of the time of cold ischemia and the time of extracorporeal bypass showed
statistical differences between patients who died before the first year and the rest of them.

Regarding the SDHs in the personal context, no differences were found between sex
and the etiology of the disease that caused heart failure. Better survival has been reported
in cardiomyopathies [43] compared to CC [4,6].

In the modified disease history of patients with cardiac malformations, the more
significant manipulation of the surgical bed, cumulative damage to other organs, and
a greater exposure to blood transfusions increased the risk of rejection of the donated
organ [5]. In our series, children with CC who underwent transplantation had received
a median of three previous cavopulmonary shunt procedures. In addition, patients with
complex situations such as re-transplantation, multi-organ transplantation, or syndromic
associations were not included [44,45].

The median waiting time on the transplant list was 12 months, and less than 15% were
performed in the “zero” urgency context. These conditions reflect that the patients were
exposed to a period of prolonged heart failure that could have deteriorated the ideal health
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status for transplantation, perpetuating the baseline conditions of hypoperfusion (to other
organs such as the liver and kidneys) with exacerbations, leading to re-hospitalizations
during HF exacerbation, and causing a deterioration in the nutritional status [46,47].

Regarding ethical considerations in access to health, authors such as Leshman [48] and
Amdani [49,50] have reported that there is an unfavorable outcome in transplant patients
of the Black and Latino races and in those who have a low socioeconomic status. Although
racial characteristics are undifferentiated in Mexico, this study had an inclusion bias, since
it was conducted in a center that serves a population without social security, that is, those
who have informal employment and are at the minimum wage line.

In the analysis of risk conditions associated with death during the first year, we
identified two variables related to the personal context, which were suboptimal immuno-
suppression due to poor attachment (27%) and the persistence of malnutrition (38.6%),
which is a consequence of the absence of clinical improvement after CT. In this regard, J.
Anthony et al. [51] reported that the persistence of nutritional status alterations in post-
transplant patients is associated with unfavorable outcomes mediated by social conditions,
the rejection of the transplanted organ, and comorbidities that may ultimately lead to death.

In pediatrics, the idea that minors’ autonomy and decision-making capacity are del-
egated to the primary caregivers (PC), who, together with health personnel, must make
decisions based on the best and supreme interest of the minor, should be prioritized [52].
In this regard, our cohort showed variables that are related to family social circumstances;
for example, 18.4% of the CPs had higher education, 84% of the families reported an in-
come less than USD 1000 per month, and 23.7% of these incomes were due to informal
employment; in addition, 58% lived at a distance greater than 51 km from the hospital. The
above coincides with what was reported by Triplett et al. [41], who analyzed the direct
impact that the circumstances of a CP have on the success of their child’s HT and concluded
that overload, the late identification of complications, and a poor therapeutic adherence
to support measures are associated with unfavorable outcomes. In our cohort, 50% of the
patients developed moderate to severe rejection. This variable conditioned a 4.5 times
higher risk (HR) for death after the first year. Other variables identified in the model were
the parents’ education and economic income. These data coincide with other works, such as
those of Olivia [53], Brown [54], and Mehta [55], who have published statistical associations
in prediction models between a social environment with a poverty status and the presence
of organ rejection.

It should be remembered that the objective of an HT is to reintegrate children into
daily life so that they can be self-sufficient and lead a lifestyle like that of their peers. In our
cohort, 65.8% of the transplanted patients returned to school, which is lower than in other
series; for example, J. Anthony [51,56] reported that, in a cohort of children who received
an HT, 100% returned to school and 93% returned to physical activity.

It is essential to consider that HT programs must be multidisciplinary in all areas to
guarantee bio-psycho-social wellbeing, since this will provide better therapeutic adherence
and a healthy lifestyle in the future. In this regard, it is essential to mention that two
of the adolescent patients who were successfully transplanted attempted suicide, which
reflects a failure in mental health care. Donald et al. [57] conducted a cohort study of
72 pediatric heart transplant recipients, identifying the risk factors associated with mortality
during the transition to adulthood. During this period, 27.7% of the patients reported
substance abuse, while 29.2% exhibited a poor adherence to immunosuppressive therapy.
Additionally, psychiatric disorders were associated with a significantly increased risk of
mortality (HR = 45.3). In our cohort, we identified the structural limitation of being a
pediatric-exclusive center, which is the restriction of a seamless referral to appropriately
equipped adult care facilities. In Mexico, structured transition clinics for adolescent and



J. Clin. Med. 2025, 14, 1506 12 of 18

young adult transplant recipients remain unavailable, underscoring the need for integrated
transplant programs that incorporate comprehensive mental health support and well-
defined referral pathways to adult care. This gap in continuity of care may similarly impact
other pediatric transplant centers across Latin America and the Caribbean [57].

In Mexico, most hospitals with specialized training in the care of CHD are exclusively
pediatric centers. This implies that, when the patients come of age (over 18 years in
Mexico), they must look for general or highly specialized hospitals with clinical cardiology
clinics, which do not necessarily have health personnel trained in the transitional care of
cardiac malformations [58]. Patients who are cared for by the Ministry of Health regime
are more likely to have losses in follow-up during adulthood, a period during which
therapeutic adherence is compromised. Rodena et al. [59] showed that, in addition to
the immunosuppression monitoring of patients with CT, there is an increased risk of
developing coronary disease and presenting with cardiovascular events. Another situation
to consider is the effect that growth has on organ survival. Burnstein [60] published that
patients with HF who were transplanted in adulthood have a higher survival rate for the
donated heart compared to those who were transplanted during childhood, primarily due
to the size of the organ and because there is a greater probability of a match in chronological
age between the donor and the recipient. There is also the factor that the median survival
rate of a transplanted heart is ten years, and that re-transplantation is a possibility in those
patients who were transplanted at earlier ages; specifically, Mexico performed its first
re-transplant in 2021 in a patient with ischemic heart disease [61].

Kirk [62] published a paper comparing CT survival in five periods or eras (1982,
1990, 2004, and 2009), showing an improvement in death-free periods associated with
different innovations that significantly impacted the care of early complications. Our
center’s experience covers the last two periods. During the five periods analyzed, the
survival rate was similar, except for the years 2016–2023; the authors justified this by the
restructuring of the hospital hosting the study due to the SARS-CoV-2 virus pandemic
that forced specialized centers to care for all patients (of any age group) with severe
COVID-19 [63].

Other institutional conditions, such as waiting times on the CT list, administrative and
economic limitations to the access of bridging therapy, and the center’s experience due to
the small number of transplants per year, may also account for these results. Because most
deaths occur between the first and fifth year, our results weigh the influence of SDHs on
the long-term survival.

Another aspect of SDHs is the responsibility of the environment and the reality of the
country where the patient is located. There are marked differences in the socioeconomic
conditions in developing countries, North America, and Europe, so logistic and therapeutic
standards should not be universalized because they do not solve the underlying problems.
The systematic review of the literature for the countries of Central America, South America,
and the Caribbean (LAC) allowed us to determine that, when comparing the results of
North America (USA and Canada), the number of children transplanted in 8 years was
5.9 times higher (3586 vs. 604) than the sum of the entire history of HTs in the rest of the
continent; in addition, only 15% of LAC countries offer the possibility to children with HF
to enter an HT program.

In 2014, the Pan-American Health Organization (PAHO) proposed that, to achieve
more significant equity in access to health, PAHO member countries should increase
their public expenditure on health (PHE) to at least 6% of their gross domestic product
(GDP). The PHE has been widely studied and is associated with the social determinants
of health. Studies have even confirmed the relationship between improvements in health
and an increase in the PHE, since this implies a greater availability of resources for health
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care. According to a report published in 2022 by the PAHO, Mexico had a PHE of 3.3%,
which is below countries such as the USA (10.68%) and Canada (9.7%). The international
recommendation is that LAC receives at least 6% of its GDP [64]. This means that an
LAC inhabitant has a disadvantage from birth in accessing ideal treatment conditions
for catastrophic diseases such as those that lead to heart failure. The above conditions
are a cohesion of factors that condition organizational inequity, in which the results for
the effectiveness of health systems are explained by other components such as education,
economy, and politics, which ultimately result in the same individual with a specific
condition experiencing different results. On the subject of pediatric HTs, the limitation in
the prompt detection of diseases that cause heart failure is the education of health personnel
and society to favor the promotion of the culture of organ donation and its care intervention.
Economically, health systems should generate a channel to avoid bureaucracy that limits
access to all types of resources and that facilitates their rapid availability. The entire process
is expensive and represents a burden for public systems (the state) or for family members
(when private care is provided and expenses are out-of-pocket). One proposed alternative
is the integration of funds to allow the entry of donations from third parties, associations,
and own resources (from research) to avoid overloading the public sector. In addition, HT
programs should adhere to outcome indicators and not process indicators that allow for
continuous improvement.

In our review, Brazil had the highest number of pediatric CT reports, with 199 (56%)
and a one-year survival rate of 62%. The following country was Mexico, which performed
49 transplants, corresponding to 14%. Although this figure is considerably lower than
Brazil’s, Mexico achieved better survival rates of 70% for 1 year. Chile was the LAC country
with the highest survival rate, with 95% one-year survival for a total of 23 pediatric patients
who underwent a transplant, followed by Argentina, with 70% survival for 46 pediatric
transplant patients. All these countries have GDPs of less than 6%.

Based on the above, the authors identified the following reflections.
Social inequality in Latin American countries makes it challenging to achieve universal

health coverage (UHC), which is necessary to achieve the sustainable development goal
on health and wellbeing. The care of highly complex diseases with long evolution times
requires social programs aimed at supporting these people and their primary caregivers to
avoid burnout and the consequent therapeutic detachment or abandonment. In Mexico,
integrating a single health system has been a challenge, with inefficient results over the last
thirty years. Specifically, the management of programs such as organ transplants could
improve with articulation between the different systems, which could be more efficient by
strengthening each of them to avoid lost opportunities for care.

Although preventive medicine programs do not apply to patients who have had
transplants, once they successfully receive the organ, an opportunity is presented to them
where a new objective of comprehensive preventive medicine could be applied, allowing
for the incorporation of healthy lifestyles, including mental health care, ultimately resulting
in the increased survival of the transplanted organ. Specifically to HTs, the recipients
require prevention to avoid the development of cardiovascular disease and neoplasia.

Patients who have received transplants during the pediatric stage require, as a right,
clinics that can enable their transition to adulthood so that, in an assisted manner, the
“new adults” acquire active participatory responsibility of their self-care and the loss of
continuity in standard pharmacological therapy is prevented, in order to avoid rejection
and the complications associated with it. At the same time, in an assisted manner, they
can be advised in the following stages of life, such as the incorporation of physical activity,
work life, and reproductive health.
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The retrospective nature of our data collection limited the evaluation of key vari-
ables, including the impact of antithrombotic or anticoagulant therapy on the long-term
thrombotic risk. Venous thromboembolism (VTE) is a recognized complication post-heart
transplantation, with a reported cumulative incidence of 42% within 60 days. Given its
high recurrence, long-term anticoagulation is warranted in patients with prior VTE [65].
Additionally, a CTA-derived peri-coronary fat attenuation index has been validated for
predicting allograft rejection and cardiovascular events. However, its limited availability at
our center during the study period restricted its role in early rejection surveillance [66].

A possible solution to mitigate the deleterious effects of SDHs in Mexico is the incor-
poration into the 2020–2024 Health Sector Program, which proposed a new care model
where primary health care (PHC) is resumed and integrated service networks are built to
achieve a change in the health system by optimizing financial, human, and infrastructure
resources [62] that can reduce social inequalities in health care and focus on the social
determinants of health that represent a poor prognosis, in order to improve the survival of
patients undergoing an HT.

The strength of this study lies in the fact that its population represents 42% of the HTs
performed in Mexico’s pediatric stage. It is the only published report that approximates a
national representation of the results and the only one to explore SDHs.

We recognize the following methodological weaknesses of this study:

(a) The sample size was minimal, and many variables were measured, which limited the
performance of the statistical analysis in adjusting for confounding variables.

(b) One of the study’s limitations was the data collection process, which spanned over
20 years and relied on records. This method carries inherent risks of bias due to the
misclassification and memory of risk variables, particularly SDHs.

(c) It is possible that variables currently associated with immediate and mediate mortality,
such as biomarkers, viral infections, and variables that measure the immune response,
were not measured, because they were not measured consistently during the first
decade of the institution’s transplant program.

Regarding the systematic literature review, the variables measured in the included
articles were inconsistently reported and heterogeneous in their definition, making a meta-
analysis impossible.

One way to improve the external validity of the results is to expand this research to a
multicenter collaboration.

5. Conclusions
This cohort of pediatric patients who received an HT enabled the identification of

risk variables of personal and community SDHs for mortality in the first and fifth years.
Chronic rejection occurred in 50%, and the absence of transitional care to adulthood was the
variable with the highest risk. The systematic review identified Mexico as the country with
the second-highest frequency of CT, and our cohort accounted for 42% of the total number
of transplants in the country. Numerically, LAC has a lower frequency of transplants and
survival in the first year compared to other developed countries, possibly due to a gap
associated with organizational justice.
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